Abstract. High-resolution time series of physical and bio-optical data were obtained using moored and bottom-mounted instruments on the southern New England continental shelf during the Coastal Mixing and Optics experiment (CMO) from July 1996 through June 1997. The most prominent physical and bio-optical signals observed during the experiment were associated with the seasonal variability. However, several important events interrupted the seasonal cycle. These episodic events appear to have had a great impact on biogenic and nonbiogenic matter. Hurricanes and storms passed over or near the CMO site, resulting in reduced stratification of the water column, particle redistribution, and sediment resuspension. Changing hydrographic conditions that resulted from the influence of several water mass intrusions greatly affected particle concentration on timescales of days to several weeks. The bottom boundary layer had an influence on particle movement in the water column and along the seafloor. The results suggest that there is likely considerable interannual variability in both the physics and bio-optics because of active and diverse physical forcing. This experiment also sets the context for comparing our coastal ocean results with previous open ocean findings. Important differences arise because of coastal bottom boundary layer effects, large-scale water mass intrusions, and the relatively greater role of tides on the shelf. Timescales of optical variability (e.g., changes in phytoplankton spectral shapes of absorption) are thus generally shorter for the coastal environment.
Introduction
The present study was part of the Office of Naval Researchsponsored Coastal Mixing and Optics experiment (CMO). CMO was designed to examine the mixing of ocean water on a continental shelf and the effects of mixing and other physical processes on water column optical properties. Several physical processes were investigated during CMO. Some examples of important physical processes include air-sea interaction, wind mixing, surface and internal gravity waves, tides, current-and wave-induced sediment resuspension and transport [Wright et al., 1986 The relationships between these physical processes and responses in optical properties (e.g., light absorption, scattering, and attenuation) were examined to interpret the effects on particles (e.g., particle type, size distribution, and relative concentrations) [Biscaye et al., 1988; Nittrouer and Wright, 1994] in the coastal ocean. The study of physical processes and optical responses is important for establishing an understanding of particulate movement and distribution in the water column and along the ocean bottom [Cacchione and Drake, 1990] .tially varying shelf slope front just offshore from our observational site [e.g., Barth et al., 1998; Linder and Gawarkiewicz, 1998 ], (2) strong vertical variability in water column currents and physical and bio-optical properties, and (3) mesoscale variability forced by advection of warm core eddies, jets, filaments, meanders, etc., onto the shelf [e.g., Pickart et al., 1999] . Temporal variability derives from (1) distinct seasonal cycles in hydrography [Flagg, 1987] The overall objective of our research is to determine the effects of physical forcing on particle and optical properties under various oceanic conditions on a continental shelf. Some of our specific objectives are to (1) quantify the variability of optical and physical properties on timescales from a few minutes to the annual cycle, (2) relate physical processes (as listed earlier) to optical variability, (3) make general distinctions among particle types and quantitatively partition their origins , (4) relate optical and particle variability near the ocean bottom to physical processes affecting sediment resuspension [Chang et al., 
this issue], and (5) compare and contrast the present coastal results with analogous open ocean results.
We acquired an extensive set of unique observations of processes, such as internal solitary waves and their effects on bio-optics, bio-optical effects of the passage of two hurricanes, several water mass intrusions, and the evolution of the seasonal cycle in hydrography and phytoplankton biomass as inferred from chlorophyll a concentration [Chl a]. Our 11 month time series measurements of physical and bio-optical parameters also enables other CMO investigators to utilize high temporal resolution physical and bio-optical data relevant to their research, as most other studies focus on the details of specific events or disciplinary processes [see Dickey and 14qlliams, this issue]. In addition, our data are used to quantify statistically physical and biological processes and their relationships and can be used for the development and testing of coupled physical-optical-biological, radiative transfer, and sediment resuspension and transport models and as inputs into data assimilation models to predict bio-optical responses to physical forcing. The present paper focuses on the description, quantification, and interpretation of temporal variability of physical processes and associated bio-optical responses on the MidAtlantic Bight (MAB) of the southern New England continental shelf over the period of July 1996 through June 1997. The experimental methods are presented in section 2. A description of the time series observations is provided in section 3. A summary of the physical and bio-optical relationships by statistical analyses is given in section 4. A comparison of our findings with those of analogous open ocean results is also presented in section 4.
Methods
The 
Subsurface Mooring and Bottom Tripod Bio-optical Systems
Three bio-optical systems (BIOPS) were placed on the subsurface mooring at 12, 30, and 50 m depths, and one was placed at --•2 m above the bottom (mab) on the bottom tripod ( Figure  2) . BIOPS utilize the following instruments: (1) Biospherical Instruments, Inc., photosynthetically available radiation (PAR) scalar irradiance sensors (400-700 rim; QSP-200; [Booth, 1976] 
Observations
For interpretation purposes, physical and bio-optical data were divided into four oceanographic seasons (summer/fall, winter mixing, winter stratification, and spring) by distinguishing water column hydrographic characteristics on the basis of our 11 month time series data (Plate 1). The lengths of these periods were not equal. The summer/fall period was from July 8 through October 21, 1996 (year day 190-295). The two winter periods extended from October 22 to December 20, 1996 (winter mixing; year day 296-355), and December 21, 1996, to April 2, 1997 (winter stratification; year day 356-92). The spring period ended on June 11, 1997 (year day 93-162). Below is a description of the winds, currents, hydrography, and biooptics (section 3.1), which is followed by detailed analyses of episodic events and dominant processes during each of our specified periods (section 3.2). A northeasterly storm that was about as intense as Hurricane Edouard accelerated the mixing of the water column at the beginning of the winter mixing period on October 20, 1996. The storm and the subsequent mixing of the water column likely entrained nutrients into the euphotic depth from near the ocean bottom, resulting in a near-surface fall bloom (Figure 8b, FB) . Chlorophyll a increased almost three-fold, with 
Conclusions
The CMO experiment was unique in that an extensive data set of concurrent high-frequency temporal resolution physical and bio-optical parameters was collected with newly developed oceanographic instruments on a mooring and a bottom tripod, and our study was cOOrdinated with studies by other CMO investigators to complement our measurements. We identified several processes that were important to bio-optics on the southern New England continental shelf during the CMO experiment. The most prominent physical and bio-optical signals observed during the experiment were associated with the seasonal variability. However, several important episodic events interrupted the seasonal cycle. These episodic events (e.g., hurricanes, storms, and water mass intrusions) appear to have had a great impact on biogenic and nonbiogenic matter. Because of these major transient events, there is likely considerable interannual variability in the seasonal cycles of the physical and bio-optical properties on the MAB continental shelf. In addition to episodic events, the semidiurnal, and to a lesser extent, the diurnal tides were significant for the bio-optical as This experiment also set the context for comparing our unique coastal ocean results with previous open ocean findings. Important differences arise because of coastal bottom boundary layer effects, large-scale water mass intrusions, and the relatively greater role of tides on the shelf. Timescales of optical variability are thus generally shorter for the coastal environment. Finally, these data are being used with interdisciplinary models (e.g., physical-bio-optical and sediment resuspension) to establish and possibly predict relationships between physical, optical, and biological processes in a coastal environment.
